Abstract
The median age of patients increased significantly over the period. So was the proportion of females admitted over the years. Predictors of in-patient mortality were increasing ageaOR of 1.23 (CI: 1.15-1.32) for age > 80 years compared with < 20 years, admissions in 2000s compared to 1980s-aOR of 1.56 (1.21-2.01), male gender-aOR of 1.45 (1.19-1.61), the presence of glycemic complications such as ketoacidosis-aOR-2.67(CI: 2.21-3.21), hyperosmolar hyperglycemic states-aOR 1.52 (1.33-1.73) symptomatic hypoglycemiaaOR 1.64 (1.24-2.17) and presence of end organ complications including peripheral neuropathic ulcers-aOR 1.31 (1.12-1.56), nephropathy-aOR -1.11 (1.03-1.23), cerebrovascular disease-aOR-1.52 (1.32-1.98), coronary artery disease-aOR-3.21 (1.91-5.15 ) and peripheral artery disease-aOR-1.15 (1.12-1.21) were associated with increased risk of death compared with normoglycemic diabetic admissions and admissions without end organ complications respectively.
Introduction
Most recent estimates show increasing global trends in the prevalence of diabetes and other non-communicable diseases [1, 2] . More than 80% of the worldwide increase in diabetes is expected to occur in low and middle-income countries, with the greatest relative increase predicted to occur in the urban populations of sub-Saharan Africa [3] [4] [5] . Increasing urbanisation and westernisation of populations of sub-Saharan Africa as well as a significant genetic predisposition underlies the increasing number of people with diabetes in sub-Saharan Africa [6] [7] [8] [9] With most of the limited resources of sub-Saharan African countries dedicated towards combating infections like HIV, malaria and tuberculosis, little attention is paid to non-communicable diseases such as diabetes and hypertension in terms of allocation of funds for treatment and personnel training [10, 11] . For instance, the expenditure on diabetes in sub-Saharan Africa constitutes less than 1% of the global health expenditure compared with > 48% for high-income countries in North America [12] .
The lack of attention to the burgeoning epidemic of non-communicable diseases in low and middle-income countries has resulted in significant gaps in the management of these disorders often culminating in preventable deaths and disabilities. Indeed, community-based studies in the 1960's in Ghana reported diabetes prevalence of 0.2% compared with 6.4% in 2000's [8, 9] . Furthermore, hospital-based studies have indicated a two-fold increase in diabetes in-patient admissions in the 1990's compared to the 1980's [13, 14] . According to World Health Organisation reports, diabetes represents the sixth commonest medical cause of death in Ghana, representing 2.58% of total deaths with an age-adjusted death rate of 36.81 per 100,000 of the population [15] .
Hospital-based data although not entirely representative of the community-based setting, is helpful in providing evidence base for in-patient mortality as well as reflecting the level of out-patient care for diabetes patients [16] . Understanding the temporal changes in diabetes admissions and mortality as well as demographic predictors of diabetes outcomes would be instrumental in advising policy makers in allocation of limited resources for the treatment of diabetes as well as formulating treatment guidelines and shaping the future directions of diabetes management in resource-limited settings. The aim of this study was to assess the temporal trends in demography and mortality of diabetes admissions from records at a tertiary referral hospital in Kumasi, situated in the middle belt of Ghana between 1983 and 2014.
Methods
This was a retrospective study conducted at the Komfo Anokye Teaching Hospital (KATH), in Kumasi, Ghana. Komfo Anokye Teaching Hospital is a 1000 bed hospital located at the middle part of Ghana. It is a leading tertiary referral hospital serving an estimated population of 10 million from 6 out of 10 administration regions of Ghana as well as other neighboring countries. A review of hospital admission and deaths from 1983 to 2014 was performed at the hospital registry. Diabetes admissions within the period were obtained from tally cards and the relevant information extracted unto a questionnaire. Diabetes type and complication were recorded and classified using the International Classification of Diseases (ICD) codes ICD-9 (from 1983-1996) and ICD -10 (from 1997 to 2014). Among data recorded on diabetes tally cards were age, gender, date of admission, date of discharge or death, complications and these were entered into excel sheets by data entry clerks. Time to discharge or death was calculated by subtracting the date of admission from the date of discharge or death. 
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Statistical analysis
Means and medians were compared using either the Student t-test or Mann Whitney U-test for paired comparisons and ANOVA or Kruskal Wallis test for more than two group comparisons depending on whether continuous variables were parametric or non-parametric. Rates of diabetes admissions or mortality were expressed as diabetes admissions or deaths divided by total number of hospital admissions or deaths respectively. Yearly crude fatality rates from diabetes was calculated by dividing the number of diabetes related deaths by the number of diabetes admissions. Patients with >28 days' stay were censored. A Poisson regression model was used to examine the temporal trends in the rates of diabetes with categorical year variables. Exact Wilcoxon test for ordered contingency tables, in the case of categorical variables were used to study time trends. Predictors of in-patient diabetes mortality were assessed using a multivariate logistic regression model. Variables included in the model were: age at admission in years, gender, decade of admission (1983-1989, 1990-1999, 2000-2009, and 2010-2014) and type of glycemic complications. In bivariate analyses, a p-value of 0.10 was set for selection of variables into the final multivariable model with visual inspection for compliance with collinearity assumption. A two-sided p-value of <0.05 was considered significant in all statistical analysis with no adjustments made for multiple comparisons. Table 1 indicated an overall increase in the proportion of diabetes related hospital admissions. The rate of diabetes admissions in 2014 of 14.95/1000 admissions compared to 2.36/1000 admissions in 1983 represents an increase of 633% over the period. The mean age of diabetes patients admitted also 
Results
Diabetes admission rates and demography
Trends in demography and complications associated with diabetes admissions
Demography. As shown in Table 2 , there was a significant progressive increase over the decades in diabetes admissions both in absolute numbers and in the increase in the rate per for hyperglycemia and 52 (37-68) for hypoglycemia, p< 0.0001. The median (IQR) duration of hospital admission for glycemic complications was 5 (3-9) days. Gender distribution of the various glycemic complications were HHS, male: female ratio 1.0: 1.3, DKA, male: female ratio 1.0:1.3, for uncomplicated hyperglycemia, male: female ratio 1.0:1.6, hypoglycemia, male to female ratio, 1.0:1.8. The trends in the proportion of patients with glycemic complications presenting with HHS, DKA, hypoglycemia and hyperglycemia did not increase over the decades from the 1980s to 2010s.
End-organ or cardiovascular co-morbidities. Two thousand three hundred and ninetytwo (21.0%) diabetic admissions were due to end organ complications. Of these, 503 (18.7%) had peripheral vascular diseases, 377(14.0%) had coronary artery diseases, peripheral neuropathic ulcers (26.4%), 529 nephropathies (18.3%), 282 (10.5%) cerebrovascular diseases. Again 1207(44.8%) had nephropathy and 325(12.0) had peripheral neuropathic ulcers. Overall, the median (IQR) age for patients presenting with end organ complication was 56 (44-67); 60 (52-70) for nephropathy, 55 (45-69) for peripheral vascular disease, 49 (45-58) for coronary artery disease, 61 (44-65) for peripheral neuropathies and 59 (33-66) for cerebrovascular diseases (p <0.001). The median (IQR) for duration of admission was 8 (5-16) compared with 6 (3-11) for those with and without end-organ complications respectively. The median duration of admission for those with nephropathy, peripheral neuropathies, coronary artery diseases, peripheral vascular disease and cerebrovascular disease were, 12 (9-21), 14 (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) , 6 (5-20), 9 
Duration of hospitalisation for diabetes admissions
The median (IQR) duration of hospitalisation for diabetes patients over the study period was 6 days (3-10) days with that for diabetes survivors of 6 days (3-11) compared with 3 days (1-7) , p<0.0001 for those who succumbed. The median (IQR) duration of hospitalisation of diabetes patients significantly decreased from 9 (5-15) days in the 1980's to 8 (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) days in the 1990's, to 6 (3-9) days in the 2000's and 4 (2-10) days in the 2010s, p<0.0001.
Diabetes Case Fatality and Its predictors
The number of diabetes deaths per 1000 hospital deaths in 1983 was 6.6% and this increased progressively to 30.01 in 2012 as shown in Fig 2. The absolute number of deaths from diabetes increased over the period of analysis as shown in Fig 3 and Table 3 . The case fatality rate of diabetes over the study period varied between 7.58 and 28.57 of the diabetes-related deaths, the overall crude 28-day case fatality rate was 18.5%. The trends in diabetes case fatality was however not significant statistically. As shown in Table 4 , the probability of in-patient mortality from diabetes mellitus increased significantly with increasing age, male gender, decade of admission, presence of glycemic complications and end-organ complications at presentation. In the multivariable logistic regression model, significant predictors of mortality were age, aOR of 1.24 (95%CI: 1.16- 
Discussion
To the best of our knowledge, this is the first study to examine the longitudinal trajectory of hospital admission and mortality rates for diabetes in the middle belt of Ghana. We have shown that diabetes admissions have increased significantly in the central belt of Ghana over the last three decades. This is reflected by both an increase in the absolute numbers of diabetes admissions and the rate of diabetes admissions expressed as the number of diabetes admissions per total admissions in the hospital over the period. To calculate rates of diabetes admissions, we chose the denominator of total hospital admissions (not total adult medical admissions) to gain a global perspective on the increasing burden of diabetes admissions which is an emerging challenge in most hospitals across Africa. In a previous hospital-based study in the southern belt of Ghana, the percentage of medical admissions due to diabetes increased almost two fold from 3.5% in the mid-1970s to 6.4% in the 1990s representing an increase from 2% to 12% of adult medical admissions accounted for by diabetes [13, 14] . Similarly, in Ethiopia, diabetes admissions increased from 51 per 100,000 in 2005 to 245 per 100 000 in 2009 [17] . Our longitudinal appraisal in the middle belt of Ghana shows an increment of nearly 633% in the rate of diabetes admissions between 1983 and 2014. This is consistent with the increasing prevalence of diabetes in Low and Middle Income Countries (LMIC) including countries in sub-Saharan Africa [1, 2, 17, 18] . The rising rates of diabetes admissions and increasing mean age of admitted patients is reflective of the increasing longevity of the citizenry of Ghanaians attended by modest improvements in the socio-economic status leading to urbanisation and adoption of western life-styles that are serving as undercurrents for the epidemiological transition being experienced by many LMICs [19, 20] . Accordingly, the population prevalence of vascular risk factors in particular obesity, physical inactivity, systemic arterial hypertension has escalated in several countries across Africa culminating in the rising burden of diabetes and other noncommunicable diseases [20] [21] [22] [23] [24] [25] [26] [27] . For instance, about four in five adult Ghanaians has been recorded not to engage in enough physical activity [20] [21] [22] . On the other hand, obesity rates have increased significantly over a relatively short period of time [20, 23, 24] . From a recorded prevalence of 25.5% in 2003, obesity rates have increased to 30.5% of the general adult population by the year 2008 [25] . Additionally, unhealthy eating patterns are becoming common among Ghanaian communities. In the World Health Survey 2002-2003, fruits and vegetable consumption in Ghana were the lowest among 52 mainly low-and middle-income countries including 19 African nations [24, 25] . This have reflected in increases in the prevalence of hyperlipidemia among Ghanaians with current estimates ranging between 17 and 23 percent [26, 27] . In most developing countries, the burden of hypertension is on the ascendency [28- 30]. In Ghana, estimates currently put the prevalence of hypertension as high at 36% [25] . To add to this, recent estimate indicates a smoking prevalence around 10% among Ghanaians, with higher rates seen in men than women [25] . The current rate of smoking in men is high compared to rates on the continent [31] . The increasing prevalence of these risk cardiovascular risk factors largely explains the increasing prevalence of diabetes in sub-Saharan Africa and the increasing trends recorded in this study. Overall female gender dominated the number of admitted cases of diabetes in this cohort. This is largely explained by the higher prevalence of obesity and physical inactivity among women [21] [22] [23] [24] . Additionally, women live relatively longer than men and as a result are exposed to diabetes and other non-communicable diseases [15] . An increasing trend in the mean age of diabetes patients at hospitalisation was evident over the period of the study; from a mean ± SD age of 48.9 ± 17.7 in 1980s to 58.5 ±16.9 in 2010s. Female diabetes patients tended to be older than male patients with the difference in mean age attaining statistical significance in 3 out of the 31 years under review. The rising rates of diabetes admissions and increasing mean age of admitted patients is reflective of the increasing longevity of the citizenry of Ghanaians most especially females [23, 29, 30] . The 28-day in-patient mortality from diabetes admissions of 18.5% observed in this study ranks among the highest in the published literature. In hospital-based studies, a 28-day diabetes case fatality of 11.8% in Korea and 17% Taiwan was recorded [32, 33] . In the United Kingdom and New Zealand both industrialised countries, in patient mortality rates of 3.9% and 2.4% have been recorded [34, 35] . Given that hospital admission for acute diabetic complications is often avoidable and mortality associated with it represents sentinel health events of inadequate outpatient care, outpatients care in terms of diabetes patient education, reduction in modifiable risk factors associated with diabetes and appropriate glycemic control is not optimum in Ghana based on results from this study. The high rate of in-patient mortality predicted by end-organ complications in this study can also indicate either delayed presentation for orthodox management in a population where awareness of symptoms and signs of diabetes is limited with patients often resorting to alternative treatments initially for a true medical emergency which diabetes is or could represent a scenario where patients with severe diabetes gets referred to a tertiary institution for care late.
A multivariable analysis conducted in the current study revealed diabetes fatality was highest among patients aged 80 years and above, males and was worst among patients admitted in the 2000-2009 period compared with 1983-1989. In the aged, other co-morbidities usually exist and as such are more likely to die from diabetes complications as shown in this study. Even though diabetes admissions have increased over the past 30 years, hospital facilities have not undergone a corresponding expansion and duration of hospital stay for diabetes patients have shortened significantly resulting in the increasing numbers of diabetes admissions. Multivariate analysis also revealed that diabetes mortality was more likely in patients presenting with glycemic complications such as ketoacidosis, hyperosmolar state and hypoglycemia as well as end-organ complications. This observation captures the lack of resources and trained personnel as well as absence of protocols for management of diabetic emergencies and endorgan complications over the past three decades.
Data on blood glucose, lipids, blood gas analysis were missing from available records and accuracy of diabetes could not be adequately determined. This study is also limited by the lack of detailed demographic and other clinical variables which could explain the increasing incidence of diabetes admissions as well as in-patient mortality. Lastly, the specific causes of diabetes-related deaths were also not ascertained. These limitations raise important questions for further studies in helping to elucidate the undercurrents driving the diabetes epidemic in Ghana and the poor clinical outcomes in central Ghana.These notwithstanding, we have captured and presented the devastating short-term outcomes of diabetes admissions which calls for setting up of dedicated diabetes units where diabetes management protocols suitable and appropriate for countries with limited resources could be implemented. Again aggressive patient education should be instituted together with aggressive reduction of risk factors for diabetes. Improving diabetes clinic availability to patients of different groups and socioeconomic backgrounds as well as increasing their involvement in education programs will reduce the risk of acute glycemic and end-organ complications of diabetes. Efforts at further expansion of the diabetes units, training of health care personnel and formation of diabetes care teams would be crucial in mitigating the devastating in-patient outcomes whilst vigorous public education measures at awareness of diabetes risk factors, symptoms and signs for prompt attention need to be pursued with ardent vigour.
In conclusion, we have shown in this study that the absolute and proportionate numbers of diabetes admissions and mortality have increased steadily over the past three decades in central Ghana. There is a progressive increase in the mean age of diabetes patients over the time period of the study with one in a fifth of diabetes patients succumbing after admission. These observations should prompt urgent concerted and coordinated efforts at arresting the burgeoning diabetes epidemic in sub-Saharan Africa. 
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